Purpose. To identify the risk factors and microbes associated with early implant-related surgical site infection (SSI). Methods. Records of 193 implant-related SSIs secondary to primary orthopaedic surgery were reviewed. Early and late SSI was defined as infection diagnosed within and after 3 months of surgery, respectively. Results. Of the 193 implant-related SSIs, 29 were superficial incisional, 127 were deep incisional, and 37 were organ/space-related. 144 (90%) out of 160 SSIs used cefazolin in their prophylactic antibiotic regimen. In univariate analysis, early SSI was associated with diabetes mellitus, American Society of Anesthesiologists (ASA) score of >2, emergency procedures, and lack of antibiotic prophylaxis. In multivariable analysis, early SSI was associated with an ASA score of >2 (p=0.016). Conclusion. It is important to cross-check ASA score with co-morbidities to reduce early SSIs. Perioperative optimisation and antibiotic prophylaxis
introduction Surgical site infection (SSI) increases morbidity and mortality. Orthopaedic SSIs can prolong the length of hospital stay by up to 20 days and increase rehospitalisation rate and healthcare cost up to 300%. 1, 2 The estimated cost for treating a SSI is USD$15 000 to $20 000. 3 Patients with a SSI have a lower quality of life and greater physical limitations. 1, 2 SSIs account for 38% of infections among surgical patients: two-thirds are incisional infections and onethird are deep infections or involved organs. 4 The incidence of SSIs has been reported to be 2.2% in primary elective orthopaedic procedures and 3.6% in revision elective orthopaedic procedures. 5 SSI affects long-term mobility and health. 6 Prolonged antibiotic usage may contribute to antibiotic resistance.
Gram-positive bacteria (commonly coagulase-negative Staphylococcus and Staphylococcus aureus) are the cause of >50% of orthopaedic SSIs. 5, [7] [8] [9] [10] [11] Current antibiotic prophylaxis guidelines recommend prescription of a first-or second-generation cephalosporin (e.g. cefazolin). Patients with penicillin allergy are prescribed an alternative regimen of clindamycin or vancomycin. 12 Nonetheless, an increased prevalence of multidrug-resistant bacteria and the rise of gram-negative bacteria infection may render current antibiotic regimens ineffective. 13, 14 In addition, surgical-related (e.g. antibiotic prophylaxis, surgical duration) and patient-related risk factors (e.g. age, smoking, diabetes mellitus) should be identified and optimised to reduce the risk of implant-related infections. This study aimed to identify the risk factors and microbes associated with early implantrelated SSI.
Materials and Methods
This study was approved by the ethics committee of our hospital. Records of 193 implant-related SSIs secondary to primary orthopaedic surgery performed in our hospital between January 2000 and January 2009 were reviewed. Trauma and arthroplasty cases accounted for 90% of the cases. Patients with an infection prior to surgery, inadequate medical records, or follow-up of <1 year were excluded. SSI was defined according to the Centers for Disease Control and Prevention. 4 Infections diagnosed within 3 months are likely to be surgery related. 7 Early and late SSI was defined as infection diagnosed within and after 3 months of surgery, respectively.
Association between SSI and risk factors was determined using univariate analysis with the Chisquared test or Fisher exact test for categorical variable, and the t-test for continuous variables. A multivariable logistic regression model was used to estimate the odds ratio (OR) and its 95% confidence interval (CI) for the association between independent risk factors and SSI after adjusting for diabetes mellitus status, American Society of Anesthesiologists score, use of antibiotics, and emergency procedure. All tests were assumed to be two-sided at the 0.05 level of significance, using the STATA/SE 13.1 (StataCorp, Texas, USA).
results
Of the 193 implant-related SSIs, 29 were superficial incisional, 127 were deep incisional, and 37 were organ/space-related. 167 (86.5%) of the 193 SSIs were culture positive, and 18 bacterial pathogens were isolated. The most common ones were methicillinresistant S aureus (MRSA), methicillin-sensitive S aureus, and Psuedomonas aeruginosa ( Table 1) . 62% of isolated S aureus were resistant to methicillin; 3 gram-negative isolates were resistant to cefuroxime; 5 isolates were resistant to augmentin and another 5 resistant to cefuroxime. In 144 (90%) of 160 SSIs, cefazolin was used as antibiotic prophylaxis.
In univariate analysis, early SSI was associated with diabetes mellitus, American Society of Anesthesiologists (ASA) score of >2, emergency procedures, and lack of antibiotic prophylaxis ( Table  2 ). In multivariable logistic regression analysis, early SSI was associated with an ASA score of >2 (OR=3.144, 95% CI=1.239-7.978, p=0.016, Table 3 ).
discussion
The ASA score has been used by anaesthetists to stratify a patient's health status prior to surgery. Nonetheless, it does not take account of patient age and gender, surgeon skill, preoperative preparation, or nature of surgery. In genitourinary and gastrointestinal surgery, the ASA score correlates with operating time, postoperative infection rate, morbidity, and mortality. 15, 16 It is an independent risk factor for SSI in total hip replacement. 5 Nonetheless, the ASA score may not be a good predictor for infection, as it is influenced by the presence of comorbidities such as diabetes mellitus and rheumatoid arthritis. 17 
Microorganism
No. (%) It is thus important to cross-check the ASA score with co-morbidities before surgery. Diabetes mellitus is a risk factor for SSI. The hyperglycaemic state impairs neutrophil chemotaxis and phagocytosis, resulting in weakened antibacterial defence and impaired wound healing. In our study, patients with systemic disease (ASA class 3 and 4) were at higher risk of early SSIs. Diabetes mellitus was a risk factor for early SSI in univariate analysis but not in multivariable analysis, because the effect of diabetes mellitus was accounted for in the ASA score. This is consistent with another study. 18 Suboptimal glucose control peri-operatively is associated with increased peri-operative mortality, resulting in an increase in the length of hospital stay and SSI rate. 19, 20 Optimising glucose level peri-operatively decreases the postoperative adverse outcome. 20, 21 Glucose level should be included in the preoperative workup, and an endocrinologist should be consulted if necessary.
Emergency procedures are a risk factor for early SSIs. 22 In our study, 19.6% (29/148) of patients who underwent emergency surgery developed an SSI, compared with only 6.8% (3/44) of those who underwent elective surgery. The increased risk of infection in emergency surgery may be attributed to inadequate preoperative optimisation of co-morbidities, swelling and contamination at the surgical site.
Not administering prophylactic antibiotics was another risk factor for early SSI in univariate analysis but not in multivariable analysis (because of the confounder of emergency procedure). Prophylactic antibiotics have been shown to reduce the incidence of infection in orthopaedic patients without known infection. 23, 24 According to the American Academy of Orthopedic Surgeons, cefazolin or cefuroxime is the recommended prophylactic antibiotic. 25, 26 Clindamycin or vancomycin may be used for patients with confirmed beta-lactam allergy. 27 Vancomycin may be considered in known MRSA colonisers or in institutes with recent MRSA outbreaks. In our study, MRSA accounted for 40% (75/187) of positive cultures, and 62% of S aureus cultures. The increase in community-acquired MRSA necessitates review of the current prophylactic antibiotic regimen. This alludes to the need to consider vancomycin as part of the prophylactic regimen. Nonetheless, the lack of efficacy of intravenous vancomycin and the potential adverse reactions associated with its administration do not justify its routine use in all orthopaedic procedures. 27 Despite this, the use of local vancomycin (intra-wound powder or cement) is effective, safe, and cost-effective. 27 
Table 3 Multivariable logistic regression analysis of risk factors for early surgical site infection *
This study has its limitations. It was a retrospective study and limited by the availability of information. Non-infected cases were not used as controls. Nonetheless, risk factors for early SSI in our study were similar to those in other studies using non-infected cases as controls. 7 conclusion It is important to cross-check ASA score with comorbidities to reduce early SSI. Peri-operative optimisation and antibiotic prophylaxis should be administered prior to surgery. Appropriate modification of antibiotic prophylaxis should be considered.
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